Background. Genetic polymorphisms in certain cytokines and chemokines have been investigated to understand why some individuals display implant flaws despite having few risk factors at the time of implant. Purpose. To investigate the association of genetic polymorphisms in interleukin-(IL-) 10 [-1082 region (A/G)] and RANKL [-438 region (A/G)] with the failure of dental implants. Materials and Methods. This study included 90 partially edentulous male and female patients who were rehabilitated with a total of 245 Straumann dental implants. An implant was considered a failure if any of the following occurred: mobility, persistent subjective complaint, recurrent peri-implant infection with suppuration, continuous radiolucency around the implant, probing depth ≥ 5 mm, and bleeding on probing. Buccal mucosal cells were collected for analysis of RANKL438 and IL-10. Results. The implant success rate in this population was 34.4%. The mutant allele (G) in RANKL had an incidence of 52.3% and mutant allele (A) in IL-10 was observed in 37.8%. No statistically significant difference was detected between the failure of the implant and the genotypes and allelic frequencies. Conclusion. No association was detected between the genetic polymorphisms of RANKL (-438) and IL-10 (-1082) and the failure of dental implants in the population studied.
Introduction
Despite high dental implant survival rates, failures can occur, especially during initial healing and after the first year of loading. However, complications also arise during the maintenance phase of implants [1] . Several longitudinal studies have reported survival rates of about 85-95% for periods of 5-10 years [1] [2] [3] [4] .
Inflammation of peri-implant tissue occurs mainly due to the presence of bacteria and the consequent host immune response [5, 6] . This response can be regulated positively or negatively by a number of factors such as local and systemic diseases, medications, systemic hormones, local cytokines including interleukin (IL)-1, IL-6, and IL-10, growth factors, mediators of bone metabolism (RANK) [7, 8] , and genetic polymorphisms [9] . Although pathogens are the known etiological agents in peri-implant inflammatory disease, subsequent progression and disease severity can be attributed to differences in the host response to pathogenic microorganisms, as observed in other infectious diseases [10] .
Understanding the risk rate of peri-implantitis is important for treatment planning and prognosis, as prevention and treatment can be adjusted depending on the risk factors. However, routine diagnostic procedures, such as clinical and radiographic examination, often lack sufficient sensitivity to provide this information. In this regard, genetic biomarkers might be better suited for the estimation of this risk, as they are constant and can be measured before the onset of disease. Biochemical markers are more suitable for monitoring the onset, intensity, and activity of disease [11] .
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In the field of implantology, genetic polymorphisms in certain cytokines and chemokines have been investigated to understand why some individuals display implant flaws despite having few risk factors at the time of implant, good bone quality and quantity, no systemic disease or use of drugs, and appropriate surgical-prosthetic planning strategies [12] . Single nucleotide polymorphisms (SNPs) are the most common form of DNA variation in the human genome, and polymorphic alleles have been associated with increased susceptibility to complex human diseases [13] [14] [15] [16] .
Gene polymorphisms in an individual may modulate the severity and progression of inflammation by oral cytokine expression and modulation [17] . IL-10 is an antiinflammatory cytokine that inhibits the production of proinflammatory cytokines [18] , thereby disrupting the ability to induce the proliferation of B-lymphocytes and preventing the proliferation and activation of natural killer cells [19] . It is likely that IL-10 polymorphisms modulate the levels of protein and are associated with chronic periodontitis [20] .
The RANK ligand (RANKL) receptor functions in activating the differentiation of monocytes into osteoclasts [21] . It is a key cytokine in the induction of osteoclastogenesis [22] and holds fundamental importance for the differentiation, activation, and survival of osteoclasts [23] . Regarding the relationship between polymorphisms of the RANKL gene and diseases related to increased bone resorption, RANKL has been suggested as one of the genetic determinants of inflammation in peri-implant tissues [24] . Thus, there are good arguments for a relationship between protein-coding genes of the innate immune response and inflammatory peri-implant disease. The relationship between genetic susceptibility and polymorphisms with respect to peri-implant complications is unclear [25] . Given the importance of innate immunity in maintaining the state of periodontal health and periimplantation, the present study investigated whether there is an association between RANKL (-438) and IL-10 (-1082) polymorphisms and the failure of dental implants.
Materials and Methods
This study was approved by the Ethics Committee in Research of the Federal University of Pernambuco-UFPE (number 01219612.7.0000.5208) (see Supplementary Material available online at https://doi.org/10.1155/2017/3901368). All volunteers consented to participate in the study by signing the informed consent form.
A retrospective clinical study was conducted in patients rehabilitated with dental implants during the previous 15 years at the Foundation for Scientific and Technological Development of Dentistry (Fundecto/USP), at the postgraduate implantology clinics. The data related to patients were collected through anamnesis, where it was found that the majority lost their teeth due to caries or periodontal disease. Regarding the implants, the following information was collected through clinical and radiographic examination: loading time, subjective complaints (pain, dysesthesia, foreign body sensation), mobility, and periodontal and radiographic examination. The loading period, in years, was categorized into three groups: Group 1: <1 year of loading; Group 2: ≥1 and <5 years of loading; and Group 3: ≥5 years of loading.
A total of 150 patients were called to participate in the study, and 126 attended the tests; 15 patients were excluded from the study; and 21 were lost due to the lack of appropriate genetic material. The final sample consisted of 90 individuals with a total of 245 implants.
The inclusion criteria were as follows: patients who were ≥18 years old, were partially edentulous, were rehabilitated exclusively with well-positioned Morse taper internal connection implants (Straumann, Waldenburg, Switzerland), reported good health, had negative medical history for chronic disease (diabetes mellitus, osteoporosis, and cardiovascular disease), and had no history of occlusal overload (bruxism and clenching). To avoid factors that could confuse the results of the study, we excluded smokers, those with periodontitis history, patients who received grafts in the surgical procedure for implant placement, those who used anticoagulant or chronic steroid medications, and patients who received radiation therapy or chemotherapy.
All patients were evaluated by the same researcher. An interview based on clinical history was performed using a standardised file developed for the study. After anamnesis, the clinical parameters of probing depth (PD), bleeding on probing (BOP), and gingival recession (GR) were recorded for all implants. To collect these data, a survey of four sites around each implant was performed using a PC15 periodontal probe (Trinity, São Paulo, Brazil). The measurements were rounded to the nearest millimetre.
After clinical examination, radiographs were taken at the periapical region of each implant using the parallelism technique conducted for radiological analysis. For bone level implants, bone loss was calculated on the mesial and distal sides of each implant, ranging from the junction of the prosthetic component to the level of the bone crest. For tissue level implants, bone loss was calculated from the most apical point of the transgingival portion of the implant to the bone crest level. This test was used to evaluate vertical bone loss and determine the presence of radiolucency around the implant. After the tests, professional biofilm control was performed, and oral hygiene instructions were given to the patients.
To determine implant failure, we applied the clinical and radiographic criteria described by Ong et al. (2008) [26] , including the changes in bone level. Clinical evaluation was performed to determine whether the implant showed lack of mobility [27] , absence of persistent subjective complaints (pain, foreign body sensation, and/or dysesthesia) [27] , absence of recurrent peri-implant infection with suppuration [27] , absence of continuous radiolucency around the implant [27] , a probing depth no greater than 5 mm [28, 29] , no bleeding on probing [28] , and no annual vertical bone loss exceeding 0.2 mm (mesial or distal) after the first year of loading [30, 31] .
Implant failure was recorded when either clinical or radiological criteria were detected.
Cell collection was performed by peeling of the buccal mucosa with the aid of a cytobrush (Kolplast, Ltd.). These cells were transferred to an Eppendorf tube containing 1 mL International Journal of Dentistry 3 of saline and stored at −20 ∘ C for later DNA extraction and analysis.
DNA was extracted from the samples using the QIAamp DNA Kit (Qiagen; Hilden, Germany) according to the manufacturer's specifications. After extraction, the DNA was kept at −20 ∘ C until processing by polymerase chain reaction (PCR).
Amplification of the promoter region of RANKL438 (rs2277438) was performed using the amplification-refractory mutation system-(ARMS-)PCR, as described by Kadkhodazadeh et al. (2013) [44] . RANKL-438 is located in the 5 untranslated region (UTR) [32] .
ARMS-PCR reactions were prepared using the reagent set GoTaq5 Green Master Mix The polymorphism at 1082 of the IL-10 gene was measured using the allele-specific PCR method. The primers used for detecting the SNP were (antisense) 5 -CAGTGCCAACTC-AGAATTTGG-3 , primer G (sense) 5 -CTACTAAGGCTT-CTTGAG-3 , and primer A (sense) 5 -ACTACTAAGGTC-TCTTTGGAAA-3 . The PCR conditions were 95 ∘ C for 5 min, followed by 35 cycles at 95 ∘ C for 30 s, 62 ∘ C for 30 s, and 72 ∘ C for 30 s, followed by a final extension at 72 ∘ C for 5 min. The PCR product was 258 bp, which was visualised by agarose gel electrophoresis on 2% gel stained with red fluorescent dye (Biotium, Brazil).
The PCR reaction was run in a final volume of 10 L, with 5 L of Master Mix (Promega), 0.5 L of each sense primer (primers A and G), 0.5 L of antisense primer (primer concentrations were 10 mM), 2 L of water, and 2 L of DNA.
After collection, the data were analysed by IBM SPSS Statistics 20.0 trial version (IBM, Armonk, NY). The chisquared test was used to compare the genotype frequencies (AA, AG, and GG) and alleles (A and G) for the IL-10 gene (-1082 A/G) and to compare the genotype frequencies (AA, AG, and GG) and alleles (A and G) for the RANKL gene (-438) among the samples. Comparisons according to the criteria of mobility, subjective complaints, infection with suppuration, 
Results
This retrospective study included 90 patients, of whom 68.9% were female ( = 62). Patient age ranged between 21 and 80 years, with a mean of 54.5 years. The loading period of the implants ranged from 4 months to 15 years, and 50% of patients had had functional implants for more than 5 years. The failure rate in the population analysed was 34.4%, considering individuals. The genotype analysis for RANKL438 showed that the AG genotype was the most common (91.1%). The AA genotype was less frequent, with only two subjects (22.2%). The G allele (mutant) was present in 52.3% of the samples (Table 1) .
In genotype analysis for the IL-10 gene, the AG genotype was the most frequent, being present in 40 patients (44.4%); the AA genotype was present in only 18.9% of the samples. The A allele (mutant) was observed in 37.8% of cases (Table 1) .
We found no significant association ( > 0.05) between the frequencies of genotypes in the RANKL gene region (-438 A/G) and implant failure. Taking into account the distribution of allele frequencies, it was also not possible to verify significant difference between A and G ( > 0.05) ( Table 2) .
We found no significant association ( > 0.05) between genotypic frequencies in the region of the IL-10 gene (-1082 A/G) and implant failure. Regarding the distribution of allele frequencies, it was also not possible to verify significant differences between A and G ( > 0.05) ( Table 2) .
Considering the criteria referred to as major causes for the failure of the implants (radiolucency, probing ≥ 5 mm, bleeding on probing, and annual vertical bone loss), there was no significant association between the genotypes and the criteria. 
Discussion
The host response against bacterial aggression seems to be a common denominator in peri-implant diseases, as well as in the understanding of genetic processes. It has become clear that the host response to bacterial invasion, inflammation, tissue destruction, and tissue repair are mediated by complex gene-gene and gene-environment interactions. There is evidence that flaws in dental implants in certain subsets of subjects [33, 34] may indicate that specific characteristics of the host, such as genetic factors, play a role in the process of osseointegration [35] . The presence of SNPs in immune cytokine genes is considered an important factor for genetic diversity of the host, as it influences the ability of production of the cytokines, changing the transcription and cytokine gene expression [36] . These polymorphisms can also act as a factor for predisposition to diseases according to the expression of interleukins [37] . Thus, research on genetic polymorphisms might reveal determining factors for patient prognosis.
This study compared the frequency of polymorphisms in IL-10 (-1082) and RANKL (-438) and investigated a possible association with failures in dental implants. These polymorphisms could be involved in the deregulation of cytokine expression, directly affecting the balance between anti-and proinflammatory proteins, which could affect the success or failure of the implants evaluated in this study. Teixeira et al. (2014) [38] also evaluated the association between failures of dental implants and polymorphism in RANKL (-438) and did not observe a significant relationship with any genotypes in this sample. Sites with peri-implant inflammation have increased gum bleeding and crevicular fluid, which form an exudate [39] . It has been proposed that the levels of inflammatory mediators identify active periimplantitis, providing a promising diagnostic and preventive tool for the disease [40] .
Similarities in the frequency distribution of alleles and genotypes of the groups suggest a possible relationship between immunogenetic implant failure and chronic periodontitis [41] . Thomas et al. (2013) [42] used mononuclear cells (lymphocytes, monocytes, and plasma cells) to compare the IL-10 expression in patients without implants and symptom-free patients with implants. None of the 14 individuals without implants group showed IL-10 expression, whereas five of the six individuals with implants showed IL-10 expression. Gurol et al. (2011) [41] evaluated 39 patients with implants and found no statistical relationship between polymorphism of IL-10 (-1082) and implant failure. Even with a considerable increase in sample size, our study confirms these findings. These results also agree with another study [43] that found no association between polymorphism of the IL-10 gene and chronic periodontitis.
In relation to allelic frequency, Gurol et al. (2011) [41] noted that the A allele at position -1082 was more prevalent in healthy subjects (63%) than in those with implant failure (50%), chronic periodontitis (47%), and healthy implants (48%), a result similar to that found in this study. Moreover, the same authors reported that the frequencies of alleles at -1082 were relatively equally distributed (50%) in the patients with chronic periodontitis, healthy implants, and implant failure. It was also observed that the AG genotype predominated in patients with chronic periodontitis. Our study did not find an association between allelic frequency and the failure of implants, despite the high incidence of the mutant allele found for IL-10 (-1082).
RANKL is a key factor for osteoclast differentiation and activation [44] and is positively correlated with probing depth and the level of clinical attachment. Moreover, higher levels are reported in patients with periodontitis than in patients with good gingival health [36, 45, 46] . Thus, the RANKL International Journal of Dentistry 5 gene may be one of the genetic determinants of periodontitis and peri-implantitis, based on other diseases attributed to osteoclastic bone resorption [24] .
In this study, we found no significant association between the genotypes of RANKL (-438) and the failure of implants, despite the high incidence of the mutant allele. Corroborating these data, Kadkhodazadeh et al. (2013) [44] observed that the expression of RANKL genotypes (-438) was not significantly different between patients with healthy periodontium and those with chronic periodontitis and peri-implantitis; the allelic frequency did not differ among these three groups.
In their systematic review, Duarte et al. (2016) [47] investigated whether the levels of crevicular fluid cytokines could be used to distinguish between healthy implants and peri-implantitis. The authors noted that most studies found no significant differences in the levels of antiinflammatory cytokines (such as IL-10) and RANKL between healthy implants and implants with peri-implantitis. They also showed that the levels of anti-inflammatory cytokines, cytokines related to osteoclastogenesis, and chemokines were severely limited as potential predictors of peri-implantitis.
Future diagnostic and therapeutic methods may be based on genetic characteristics of the individual, which may be either protective or destructive, according to the identification of polymorphic regions. Such methods might provide information supporting the identification of highrisk patients for implant placement, development of surgical protocol, and efforts toward preservation, in addition to other advantages [12] . However, our results suggest that RANKL (-438) and IL-10 (-1082) should not be considered for this purpose. In this study population, the evaluated polymorphisms were not predictive of dental implant failure.
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